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ABSTRACT 

The effects of an experimental geometry course on 
gender differences in standardized test performance were studied. The 
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real-life situations; and (3) conducting a spiraling review of 
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which each included one class using the University of Chicago Math 
Project textbook, "Geometry," and one class using a traditional 
textbook, were compared in terms of students* performance on a 
standardized !:est. The experimental classes reduced the gender gap by 
improving girls' test scores. On a content-sperif ic test, girls in 
the experimental classes significantly reversed the trend of boys' 
dominance on applications and coordinates. Girls remained on a par 
With boys on items of visualization in three dimensions and on 
transformations. On the open-ended proof writing «est, girls in the 
experimental classes performed as well as did boys. In traditional 
classes, a negligible gap remained, favoring boys. Four tables 
provide study data, and 10 graphs illustrate the trends. Sample test 
items are included. (SLD) 
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^ This paper shows that interactions arise between gender 

and instruction that make geometry performance on tests 
^ effective for females but not for males thus revealing 

Q that the magnitude of gender differences could be a 

function of the context of the learning situation in 
Geometry. 

In an experimental study of 810 geometry students at 9th 
and lOth grades in 13 schools located in 5 states across 
the country using a matched-pair research design, 
findings show that on a standardized test, the 
experimental classes reduced the gender gap on student 
performance by improving girls' test scores. 

On a content-specific test, girls in the experimental 
classes have significantly reversed the general trend of 
boy's dominance on Applications and C oordinates . Girls 
remain on par with boys on items in visual i zations i , p 
three dimensions ^ and Transformations . 

On the open-ended proof writing test, girls in the 
experimental classes appear to have again significantly 
reversed some contemporary math findings (except the Senk 
and Usiskin study) of results favoring boys. Girls in the 
experimental classes on average appear to depart from the 
stereotype of not being as good as boys in geometry 
proof /reasoning skill. 

Results on girls' test performance in the traditional 
geometry classes not only substantiated contemporary 
research findings of declining gender differentials in 
mathematics but as this study shows, the differences in 
geometry appear to have been reduced to zero. 
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Do mathematics test achievement differentials persist 
between males and females? Many studies have examined this 
question and found declining gender differences (Friedman 1989, 
Linn and Hyde 1989, Maccoby and Jaklin 1974). Before 1974 there 
were significant gender differences (Hyde, 1981), but after 1974 
the cognitive gender differences have shrunk to negligible levels 
(Linn & Hyde, 1989). 



At the eleroenrary grades, no differences are found (Callahan 
and Clements 1984, Dossey, Mullis, Lindquist, and Chambers 1988, 
McKay 1979, Siegel 1968). The studies that showed differences 
favored the females (Brandon, Newton, and Hammond 1985, Hawn, 
Ellet, and Des Jardines 1981, Potter and Levy 1968, Shipman 
1972). Boys outperform girls on the problem solving subtests in 
the 2nd grade, but differences declined in 5th and disappeared by 
8th grade (Lewis and Hoover 1986). The picture is mixed at 
junior high school. There are small sex differences (in favor of 
females) reported by Tsai and Walberg (197^)) and in favor of boys 
(Hillton and Berglund 1974). No difference are reported by 
others (Cicirelli 1967, Connor and Serbin 1985). Of the gifted 
youth, substantial differences are noted favoring males (Benbow 
and Stanley 1982, Weiner 1984). 

Strong evidence that differential coursework accounts for 
considerable amount of sex difference (Pallas and Alexander 1983, 
Wise, Steel, and NcJonald 1979). The explanation of differential 
couioework can not be offered as an explanation at junior high 
so the argument cannot be applied. Further studies of the 
general population show that differential course taking does not 
fully account for the sex difference in mathematical tasks 
(Armstrong 1981, Friedman 1987, Ramist and Arbeiter 1986). 

Sex role socialization studies (Fennema and Sherman 1977) 
showed that females are more likely to disagree that math is e 



^ Paper presented at the 1990 meeting of the American 
Educational Research Association, Boston, MA. I am grateful to 
the University of Chicago School Math Project for the use of the 
data. 



male domain ^ but females are less convinced than males that 
mathematics would be useful to them personally. Sex role 
socialization which is just beginning at junior high school may 
account for gender differences at this grade level, although this 
argument was challenged by (Eccles and Jacobs 1986). 

There is a connection between the kind of classroom 
environment and gender differences in terms of teacher behavior 
and student learning (Fennema and Peterson 1985). Results of 
other studies indicate that teachers who encourage "autonomous 
learning behaviors" produce greater gains (Koehler 1986). 

Gender differentials are reported on spatial skills (Sherman 
1967) which speculates that this might function not only as an 
intervening variable but also that it had an experiential basis. 
Some evidence indicates that spatial visualization does not 
account for differences in mathematics perforjvnnce (Armstrong 
1981, Fennema and Sherman 1977, Fennema and Tart re 1985, Pat ti son 
and Grieve 1984). Spatial visualization plays a differentiating 
role for the sexes and is a significant predictor of mathematics 
success for girls than for boys (Fennema and Tartre 1985, Smith 
1964, Weiner 1984), while opposite results are also reported 
(Connor and Serbin 1985, Very 1967). In the area of spatial 
relations, especially in mental rotations. Linn and Hyde (1990) 
believe that there is a decline which may be attributed to 
increased female participation in sports. 

A study of gender differentials on spatial relations can be 
informed .hrough the study of Geometry. Geometry is more 
comprehensive than spatial relations and mental rotations. A 
geometry course includes !nathematics and the ability to 
visualize, make transformations, do mental rotations, configure 
shapes that tessellate, compute coordinates, and apply theorems 
and properties of mathematics into a sequence o£ logical proofs. 
On the ability to write proofs, Senk and Usiskin's (1984) large- 
scale nation-wide study is particularly illuminating. They found 
that girls and boys perform equally well even on complex 
mathematical tasks in Geometry Proof writing when both in-class 
and out-of-class exposure to tasks is equal. 

Given that girls enter geometry classes with certain attitude 
and access differentials generated by social pressures related to 
mathematics learning, it becomes important to examine emergent 
trends of the equal opportunity to learn if we want to gain more 
understanding of the mathematics gender issue. 

Research Issue 

We are interested in the proposition: In an experimental 
geometry course where new concepts and material are learned 
through reading the text first before being discussed in class, 
where applications to the formulations learned are related to 
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real life situations, where concepts learned appear in a 
spiralling review throughout the year, then we will expect to 
find no significant gender differentials in geometry on a 
standardized test as well as on a content-specific test of an 
open*ended proof question type. 

In contrast when geometry is learned in ;.he typical lecture 
cum discussion method in traditional environments of mathematics 
learning, then we will expect to find gender differentials due to 
the social context of instruction. 

Methodology 

Data Source, The subjects in this study are 810 geometry 
students from 13 schools located in 5 states (California, 
Michigan, Illinois, Ohio, and Pennsylvania) • The schools 
included rural, suburban, and city schools. In the study 49% are 
males and 51% are females. 

Research Di^gign, The matched pair design was used in the 
study. The experimental design matches pairs of classes who are 
using the University of Chicago Math Project (UCSMP) Geometry 
with a class using the regular geometry textbook. The text used 
by majority of the comparison classes was Geometry published by 
Houghton and Mifflin. 

The pairs are in one school except for one. In this 
instance no comparison pair could be obtained within the same 
school and so a school sharing similar socioeconomic 
characteristics within the district was used as the comparison 
class. 

The pairs consisted of 9th, 10th, and mixed 10th/llth/12th 
grade classes with the majority at 10th. There were originally 
45 classes where 22 of the classes were experimental. The sample 
was partitioned by treatment (experimental and comparison). 
Subpopulations were partitioned by gender. 

A pretest - Entering Geometry student Test ^ was 
administered at the beginning of the school year. The mean 
differences were analyzed using the t-test statistic. Initial 18 
pairs were examined based on how close the pretest mean scores 
were between the experimental and the comparison pairs in each 
school. On one site, a comparison class was not kept intact a\: 
che semester break resulting in changing the class composition 
substantially. In this school, the students were allowed to move 
between the experimental and comparison classes at the semester 
change. This event would not have been problematic. We could 
have included the individual student scores as long as the 
students were assigned to the classes within the treatment 
groups. For example, a student could have been assigned to 
another experimental class or another comparison class within the 
classes involved in the study. But the problem was that some of 
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the Geometry classes where some students were programmed were not 
part of the overall pool of classes in the study. 

Using the criteria described below, eight pairs were 
eliminated chus: 



1. Pairs were eliminated if when looking only at 
students who took bcth pre and posttests, any 
pair whose Entering Geometry Studenl^ T^f^^ 
pretest scores yielied a p-value less than 
• 05. 



Pairs were eliminated if the p value was less 
than .05 in estimating the effect size g, 

where g = (Mean Exp -* Mean 
Comp) /standard deviation pooled. 

Th3 operational definition of matched pairs 
as derived from the effect size is: 



2. 



good match* = 
medium match = .1 < 
poor match 



< .1 

< .25 
> .25 



Any member of a pair that dropped out of the 
study. For example, when the experimental 
teacher resigned in one school, his classes 
and those of the comparison classes were also 
eliminated. 



3. Any pair about which additional information 
led us to believe that classes were not 
comparable. For example, discussions with 
teachers indicated classes were substantively 
different (honors 9th graders versus average 
ability 10th graders). 

In cases where two experimental classes were matched with 
the same comparison class, the single best matched pair was 
selected, based on an examination of means, standard deviations, 
range, and distribution shape, in cases where the experimental 
and comparison teachers had multiple classes, tne same matching 
procedure was applied, and only the best matched pairs were 
selected. 



We ended up finally with ten matched pairs who had all the 
pre and posttests. This translated into 350 students where 190 
(53%) were in the experimental classes and 163 (47%) were in the 
comparison classes. Of the sample population 177 (50%) were 
females and 176 (50%) were males. 



Instruments 



Pretest . A pretest was administered in the fall. The test 
is a 40-iteiii geometry readiness tost developed by the cognitive 
Development and Achievement in Secondary School Geometry (CDASSG) 
and the University of Chicago School Math Project (UCSMP). Half 
of the items were algebra skills used in geometry and the 
remaining 20 it^ms were geometry readiness items. 

Posttests, The posttest consisted of a standardized test 
and two content-specific tests. These were administered in the 
spring on three consecutive days of 40 minutes each. The 
standardized test had 40 items of standard geometry published by 
American Testronics. No calculators were allowed in this test. 

The other tests consisted of Part 1 and 2 content-specific 
tests developed by UCSMP. Part 1 was an 11-item open-ended 
proof test. The first 5 items were of the multiple-choice type, 
while the remaining 6 items were open-ended. Of the six open- 
ended items, the first required the student to fill in four 
missing statements or reasons in a proof; the second required 
translation of a verbal statement into an appropriate figure, 
"given," and "to prove"; and the last four required the student 
to write complete proofs, ranging from easy to difficult, 
covering congruent and similar triangles, parallel lines, and 
quadrilaterals. Several pilot studies of the proof tests had 
been conducted to insure appropriv^te test length, clarity of 
instructions, and approximate balance of item difficulty and 
subject matter across forms, but no effort was made to make the 
forms comparable nor statistically equivalent. By making two 
different forms, performance on a greater number of proof items 
could be analyzed. The proof test forms were alternated among 
the students so that approximately half of the students in each 
class received each form (sea samples of items in Appendix A). 

Part 2 test was a 40-item content specific instrument. 
Individual items of this test were identified as belonging to 
subtests of specific geometry skills. These subtests focus on 
Reasoning/Proof , Transf ormation , Visualization /Three Dimensions, 
Applications f (which include computer and calculator 
applications). Coordinates , and Standard Knowledge (see sample 
items in Appendix B). Calculators ware allowed on this test. 

Scoring of the open-ended "^.tems involved five esinerienced 
high school ma :hematicr« tednhers (3 females, 2 males). Proof 
items were graded on a scale of 0 to 4 based on general criteria 
developed internally among the scorers and the co-director of the 
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Project and based on published criteria developed by Malone, 
Douglas, Kissane, and Mortlock (1980) as given below:' 

■ 

0- Student writes only the "given", or writes invalid or 
useless deductions. 

1- Student writer? at least one valid deduction and gives 
reason. 

2- -Student shows evidence of using a chain of reasoning, 
either by deducing about half of the proof and stopping or 
by writing a sequence of statements that is invalid only 
because it is based on faulty reasoning early in the steps. 

3- Student writes a proof in which all steps follow 
logically, but in which there are errors in notation, 
vocabulary, or names of theorems. 

4- student writes a valid proof with at most one error in 
notation. 

The highest possible score on the open-ended test was 5 
[multiple choice items] +(6*4 [open-ended items]) = 29. 
Before grading each item, graders discussed the application of 
the general criteria to that item. Every item on each students' 
test was scored independently by a different pair of graders who 
had no access to the student's name, sex, or school. Inter rater 
agreement ranged from 85 percent to 95 percent across the 12 
items. Less than 2 percent of tne scores of the pair of graders 
differed by more than one point. When the two grader's scores 
disagreed, a third independent blind reading war undertaken, and 
a median of the three scores was chosen as the item score. 

Another instrument was the student Opinion Survey which 
attempted to tap the attitude of students toward mathematics in 
general and geometry in particular. It also surveyed student 
attitude toward their text, their future mathematics plans and 
grades they expect to receive in geometry. 

Teachers were requested to keep their classes intact at the 
second semester in order to maintain the integrity of the 
research design. However, in one school where computerized 
programming of students at second semester was used, a pair of 
classes was dropped from the study. A teacher questionnaire was 
administered at the time that the students in their class were 
taking their tests. This instrument asked about their attitude 



A score of 8 was included where students wrote nothing or 
left the page blank. This was to differentiate a score of 9 which 
indicated missing cases. 



toward the course, and teacher perception about students' 
attitude towards the course. 

The classrooms were observed once during the year and 
representative samples of students were interviewed. In addition 
all the experimental teachers were interviewed. In the final 
analysis, only those students who had pretest scores and all 
three posttests were included. 

The mean differences between males and females on the 
Entering Geometry Test was obtained. This pretest score was used 
as a covariate in analyzing posttect scores. Two-way Ancova by 
treatment and gender with pretest scores are reported. 



GEOMETRY ACHIEVEMENT RESULTS 



The results of the matching procedure showing means and 
standard deviation are presented in Table 1. The results of the 
main effect of treatment and main effect of gender are presented 
in Tables 2 and 3. Results presented are those after adjustment 
for the pretest r The adjusted means take into account dif fences 
between classes on the pretest at the beginning of the school 
year. Recall that in our matching procedure, there were some good 
matches, medium matches and poor matches. For instance, if the 
experimental class has a pretest mean that is smaller than the 
comparison group at the beginning of the year, then the posttest 
mean for experimental will be increased by an amount that depends 
on the pretest difference. In soiae cases the adjusted means was 
slightly larger than the unadjusted difference. The adjusted 
means allowed us to construct more sensitive tests of differences 
between classes since these means adjust for pre-existing 
differences between classes. 

For each effect, the results are reported first on the 
standardized test (American Testronics), and second on Geometry 
Part 2, and last on Geometry Part 1. Geometry Part 2 results of 
the analysis is parti oned further by subtests: Proof or 
reasoning. Applications, Visunlization^ Transformation, and 
Coordinates. The analysis on Geometry Part 1, Form A (multiple 
choice, open-ended) and Form B (multiple choice, open-ended) are 
reported last. 

Tables 2 and 3 show overall main effects of treatment and 
gender. Results of the interaction test are also presented 
through means, standard deviation, and p values for all three 
posttests. Examining the results of the interaction test before 
reporting the main effects of treatment contributes to better 
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understanding of the data. For example, if we find no difference 
overall between the treatment on a particular posttest means but 
do not test for interactions between treatment and gender first, 
we may miss important findings about the variable which may mask 
important relationships. 

In obtaining the significance level in the interaction test, 
we used the Bonferroni method where the critical p value used is 
.05/6 = .008; the reason being that when we examine four groups 
which has six comparisons, we should gain more precision when we 
divide the .05 level of significance by six. For instance, the 
two dimensions of treatment 1) experimental, 2) comparison, and 
gender can have four subgroups: namely 3) experimental and male 
4) experimental and female 5) comparison and male, and 6) 
comparison and female. These four groups can have a maximum of 
SIX pair-wise comparisons. Therefore, in order to avoid Type 1 
error and get around the problem of incorrectly rejecting a true 
null hypothesis, applying our method guarantees tJiat we are 
certain we do not commit such an error. 

Having carefully designed all the controls by treatment in a 
meticulous process of matching pairs of classes and applying a 
critical value for level of significance, then and only then were 
we ready to examine the gender issue in depth among Geometry high 
school students at 9th/10th grades. 

Findings 

Pretest Scores 

Analysis of Entering Geometry Student Test results presented 
in Table 1 shows no significant differences between the matched 
pairs on the overall test. There is no significant difference 
between the treatment groups by subtests on the CDASSG and the 
UCSMP pregeometry/algebra items. All pairs of classes in the 
study start out equal at the beginning of the year. 

[Table 1 around here]. 



Posttest scores 

Standardized test» Table 2 shows the main effect of gender 
on all posttests after adjustment for the pretest. 

[Table 2 around here]. 

Results of the analysis yield no significant interaction 
overall (mean for male-, = 13.65, sd = .41, mean for females = 
12.30, sd s .41). On standardized tests in general, no 
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difference is fovmd between treatment groups, i.e., girls compare 
favorably with boys. Within the comparison classes, males in 
general outperform the females on the standardized test but not 
significantly (p .01) Within the experimental classes the 
treatment by gender interaction test yields a value of .532 
suggesting that girls' and boys' test performance are not much 
different on the standardized test. In other words girls are 
performing at par with, not below par with boys. (For a 
representation of the interaction of tretment and gender on the 
standardized test based on Table 2, refer to Figure la). 

Geometrv Part 2. Content-s pecif Ic tiest f4Q items). On the 

Geometry Part 2 test (proof /reasoning, applications, 
visualization, transformation, and coordinates) overall results 
show no interaction on the postte&t and no significant main 
effect of gender (mean for females ^ 10.67, sd = 43, mean for 
males « 10.22, sd = .43, p » .457). Within the experimental 
classes however, the picture changes. Females outscore their 
male counterparts but not significantly with a mean score of 
12.59, sd = .58 and males with a mean score of 11.51, sd = .59. 
An overall comparison of the experimental and comparison classes 
in the treatment show significantly lower mean scores for the 
comparison classes. 

Notice that within the comparison classes, females 
consistently score lower than males, whereas within the 
experimental classes it is the other way around: females 
consistently outperform tha males slightly, although the 
difference is not statistically significant. 

The question remains: where do males and females differ 
significantly on the geometry posttest? Is it on 
proof /reasoning, spatial relations, transformation, 
visualization, application skills, coordinates? Table 3 
presents the analysis of Geometry Part 2 showing the breakdown by 
subtests. On the proof /reasoning items, within the experimental 
classes, females tend to score slightly higher than the boys, but 
not significantly (p = .011), while within the comparison classes 
there is no statistical difference between genders (p ^ .969). 

On the application items, the main effect of gender is again 
not significant (females « 1.82, sd « .12, males « 1.49, sd = 
.12, p ».053) Within the comparison classes boys and girls tend 
to have comparable mean scores, but within the experimental group 
the females tend to score higher than their counterparts on this 
subtest (females » 2.31, sd » .16, males ^ 1.71, sd » «16, p « 
.009). 

No significant interactions are noted on the visualization 
and transformation subtests. There are no effects of gender 

9 



11 



either. On average, females tend to be up to par with the males 
on these two subtests. Contemporary research reports that girls 
are loss proficient than males on spatial or three dimensional 
skills and that these differences are declining through the 
years. The results of our analysis show not only declining 
differences but that indeed the differences may have been reduced 
to zero. 

A significant interaction is noted on the coordinates 
subtest but only within the experimental group. Females within 
this group tend to benefit rignif icantly from the course (females 
« 1.5, sd = .10, males « .75, sd « 10, p « .004) Males tend to 
have higher mean scores than females within the comparison 
classes, but the difference is not statistically significant. 
(See plot of the interaction terms in Figures 2e to 2e for proof/ 
reasoning, applications, coordinates, visualization and 
transformation) 

[Figures 2a to 2e around here.] 

Geometry Part 1. Proof writing test; multipl e-choice , open- 

ended type ril items). The results of Geometry Part 1 
interaction test are mixed (refer to Table 2). Overall 
significant interaction is found on the open-ended format of the 
test. 

On Form A, multiple choice, no significant interaction is 
noted. Females in general outscore males on items dealing with 
the algebra skills needed to do geometry problems (females ^ 
1.98, sd .15, males » 1.53, sd - .15, p .004) on Form B 
open-ended, a significant interaction is noted suggesting that 
within group differences must be examined to get a better view of 
the overall results. Which group is significantly contributing 
to this observed interaction between treatment and gender? The 
data indicate they are the females within the experimental 
classes where they have a mean score of 2.52, sd » .21 while 
their male counterparts yielded a mean score of 1.44, sd » .41, p 
= .0001. 

The same trend is observed on Fonn B, multiple choice. The 
females in the experimental classes are significantly different 
from their male counterparts. We found that girls appear to be 
significantly outperforming the boys within the experimental 
classes but not within the comparison classes. Again on Form A 
open-ended, and on Form B open-ended, the females within the 



'The graphs show the pattern of interaction and should not be 
compared especially since units are not the same. For interaction 
coefficients refer to Table 3. 
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experimental group seem to be pulling up the mev.n scores. For 
example, on Form A open-ended, girls in the experimental group 
outperformed the boys significantly (females « 2.52, sd - .58, 
males « 1.57, sd » .21, p » .0001). Females within the 
comparison classes appear to havid lower mean scores than the 
boys, although the difference is not rtatistically different from 
zero, (see Figure lb to le for the interaction plots based on 
Table 1) 

Summary* 



1. On the standardized test, it seems that the 
experimental classes reduced the gender gap on student 
performance by improving girls' test scores. 

2. On the content-specific test by subtests, the 
experimental treatment appears to have significantly 
reversed the general trend of boy's dominance in the 
two subtests, namely A pplications and Coordinates . 
Girls seem not to lag behind boys in spatial test 
items covered in visualizations in three dimensions, 
and Transformations . In short girls and boys remained 
on par with each other on these tests. 

3. On the open-ended proof test, the experimental class 
appears to have again significantly reversed the 
contemporary math findings of results favoring boys 
(Senk and Usiskin study being the exception). Girls in 
the experimental classes on the average appear to 
depart from the stereotype of not : ding as good as boys 
in geometry proof /reasoning skills. 

4. Results girls' test performance in the traditional 
geoifletry ^^lasses not only substantiated the 
contemporary research findings that tuc gender 
differential in mathematics as it applies to spatial 
relations is declining, but as this study show^ the 
dilferences had been reduced to zero, and in the 
experimental classes, ttie girls had outperformed the 
boys In two out of five geometry subtests. However, 
in the traditional geometry classes the negligible gap 
remains favoring boys. 



* Care should be exercised that the language used is not 
interpreted as sexist. 
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Discussions 



Ve have shown in this paper that interactions arise between 
gender and instruction. These interactions show that certain 
learning environments make geometry learning effective for women 
learners. It also shows that the magnitude of gender differences 
is so clearly a function of context or learning situation. 

The experimental classes used the University of Chicago 
School Math Project (UCSMP) text. The material is characterized 
by presenting every single lesson with Skills, Eroperties of 
mathematics, Understanding the underpinnings of each question, 
and presenting the ma::erial through a variety of Representation, 
not only by mathematical symbols. UCSMP used the acronym SPUR 
for this approach. Experimental teachers were asked to assign 
the reading that begins each lesson first and then for the 
students to do the questions covering the reading, and to apply 
their understanding of the concept in a few exercises that 
determine whether or not they can apply their new knowledge. 
UCSMP calls this strategy CARE or the acronym for Covering the 
reading, Applications to real life situations. Review, and for 
challengeing projects, the £xploration questions. 

What tseems different between the two groups is the teaching 
strategy and use of the text as a learning-to-learn tool. The 
responsibility for learning resides within each individual 
student in the experimental group. Students in the experimental 
classes are expected to come to their geometry classes having 
read the text first, having assessed their comprehension of the 
text, and having solved a couple of problems on their own. The 
observed classes normally start the day^s work with discussions 
with the teacher and among themselves of the variety of 
approaches used in the solution to problems encountered in doinc! 
their homework. Homework time as indicated in the Student 
Opinion Survey for both groups averaged 45 minutes per day. 
Therefore time spent on homework did not differ. Lecture method 
in teaching geometry was exercised at a minimum in the 
experimental classes as revealed in the teacher questionnaire and 
classroom observations. In contrast, classroom observations and 
the results of the teacher questionnaire of the comparison 
classes revctl the lecture method with the teacher showing how- 
to- methods of doing proofs still predominate in the teaching of 
Geometry . 

Pace was an important ingredient in the experimental 
classes. Each lesson was a class period's work. Teachers were 
asked to fo'^low the prescribed pace. For those who thought that 
more time was needed to review, it was fshown early on in the year 
that the exercises provided in each lesson reviewed earlier 
material in many different applications of the concept (see 
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Appendix D for a sample lesson from UCSMP Geometry) . The 
lesson-a-day pace ensured that more opportunity to cover material 
was built-in. 

Reading the text wa^ an issue confronted early on in the 
project. There were some who thought that the reading level in 
the UCSMP text was difficult for their students. The student 
survey and the teacher questionnaire attempted to get information 
about this aspect. We addressed this issue by undertaking a 
reading level test using the Fr^ formula. Random sample pages of 
both texts were analyzed. One hundred words were picked out each 
from 4 sampled pages. The nvmber of sentences within the hundred 
words and the number of syllables obtained within the sentences 
were computed and plotted in a grid.' The results of the 
readability test showed that UCSMP reading levels were at the 5th 
to 9th grade level with one sample at 5th, and at 7th, 8th and 
9th grade levels respectively for the remaining samples. The 
comparison readability test resulted in one sample page at 7th, 
one at 8th and the two remaining sample pages at 9th grade 
levels.* It seems that because reading math is seldom done; 
students were reacting to the math reading done, not the 
difficulty of the reading material in math. Girls are seen as 
better in verbal ability including reading than boys, but as 
contemporary research studies have shown, this gender gap has 
also declined in years (Linn and Hyde 1989). 

If ar important goal in teaching is to increase students' 
participation and performance in mathematics courses, classroom 
environments designed to show students how to think 
mathematically, to use the text differently as an instrumental 
tool for learning (i.e. to read the explanations of the text 
first before asking the teacher to expound on the subject matter, 
to think about applications to problems, devise algorithms in 
order to apply their understanding to real life situations), then 
this type of curricula may be the wave of the future that will 
promote equal success opportunity among students in geometry or 
mathematics in general.^ The process, in the long run, may prove 
to be gender blind. 



* See Edward Fry's formula, Rutgers University Reading Center. 

* For a complete description of the readability test, see 
Flores, P.V., Hedges, L.V., & Stodolsky, S. Geometrv Two-Year 
National Field study , (in progress). University of Chicago School 
Math Pr ject. 

^ See UCSMP Evaluation studies in Transition Mathematics , 
Algebra > Advanced Algebra - Geometry , and Functions and statiettcs 
with Computers ^. University of Chicago. 
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W-hich of the moving is the graph of y « 3x - 4? 

B. >i p 

: 




*7 ^ 





A. 

B. 

C. 
D. 

E. 



Given: 



f*!"- ^"'^^""'^-^^"^y a compass and an unmarked 

^gncra^i^is impossible to triscn angles usingoniyaco.^^^ 

cor^pass r^d ^^^^^^^^ for trisecdng angles using only a 



A. 
B. 

C. 
D. 
E. 



fJKL at right with M and N 
beTB^een JandL; /2sZ3. 

whachstai^entcowrbe 
concluded from the given 
monnation? 

^^KMN is isosceles. 




SAMPLE ITEMS OK THE COKTEKT-SFECIFIC TEST 

OrEN-ENDED 
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e are congnjcnL Here is the 



Given; ABCD is a recangle. 
Prove; aCh BD 




^^sponding pans of congruent triar eles 
congrueaL * 



are 



(i) Itisconcct. 
Oi) Itis/u?rcoirecL ' 

Ciii) Tm not sure whether it's coirea or incoirecL 
B. Why you choose the irsponse circled? Tha: i, justify your answer to pan A. 



Given: Points N, 0. P. and Q 
with coordinates as 
shown at righL 

Prove: NOPQ is a parallelograni. 



Q»(a + c.b+d) 



P»(c.d) 
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Lesson 7-8: The SAS Inequality 



The SAS Congruence Theorem states that when two sides and the 
included angle of a triangle are congruent to corresponding parts of a 
second triangle, the triangles will be congruent. But what happens if 
the included angles are not congruent? 



Percy, a sleepy Persian cat, is having a big yawn as shown below. 
As he stans his yawn, his mouth is not opened wide, but in the 
second picture his mouth is opened veiy wide. The geometric 
explanation for this everyday occuircnce is as follows. The top and 
bottom of his jaw are the same in both pictures; thus AB XY and 
BC « YZ. But since mZXYZ is greater than mZABC, XZ > AC. 
This result generalizes as the SAS Inequality. 



SAS Inequality ThMrtm: 

If two skJes ofB triangle are congruent to tm sides of a 
second triangto, and the measure of the included 
angle of the first triangle is less than the measure of the 
included angle of the second, then the third side of 
the first triangle Is shorter than the third side of the 
second. 



Proof A figure is drawn. Below it is stated the given and what to prove in 






terms of the figure. 
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C 

Qlv»n: AB-XY. BC-YZ. and < nfu^Y. 
Prov*: AC<XZ 



The method to use is not obvious. Since AB - XY, there is an 
isometry T wHh T(AB)-X/. AAB'C (in red) is T(AABC). T is chosen 
80 that C, the image o\ C, is on the same side of XT as Z. The result 
is shown below. Note that aCYZ is isosceles since CY-ZY. 

Since m/A'B C < mZXYZ, YC lies in the interior of ^iXYZ. Below, m, 

the symmetry line of isosceles ACYZ, is drawn, intersecting XZat Q. 
m is the 1 bisector of C2, so Q is equidistant from C and Z, making 
QC' - QZ. 




C C 

Y«B' 




Now focus on AA'C'Q (in blue). From the Triangle Inequality, 

A'C < A'Q + QC' 
But A'C -AC, A'QisXQand QC'.QZ. Substituting, 
AC < XQ + QZ. 

So AC < XZ by the Betweenness Theorem. 



Let us summarize what has been deduced about triangles given SAS. 
Bom the lengths AB and AC of two sides of a triangle, you can 
compute a range of possible lengths for the third side BC using the 
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Triangle Inequality. The larger mZA is, the larger BC is. If you 

know mZA, the length of the third side is uniquely deiennined. This 
length can be found using trigonometry, a branch of mathematics that 
we introduce later in this course. 

B 




Questions 



Covtrini ibt RoidlRi 



1 . If AB = DF, AC = DE. and mZA > mZD in the figure 
below, then BC is (greater than, less than, equal to) EF. 




B 



E 



2 . State an application of the SAS Inequality Theorem. 

3 . Multiple choice. Which of the following is not used in the proof 
of the SAS Incqualit)'? 

a . Bet wcenness Thcoi em 

b . Isosceles Triangle Symmetry Theorem 

c . Isosceles Triangle Theorem 

4 . The Triangle Inequality is applied to which triangle in the proof 
of the SAS Inequality? 

5 . Suppose in AABC that AB « 6". BC « 3" and niZB - 62. 
a. Is AC uniquely determined? 

b • What branch of mathematics studies the calculation of AC 
from this given infomiation? 



Appiyinfl th« Mtthtmitiet 6 . Use the figure below as marked. Explain why RS > QR. 
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7 . a . Construct a circle with radius x. x 

b. Construct a circle with radius y. y 

c . What theorem justifies why you should widen your 
compass from pan (a) to pan (b)? 

8. a. Draw AABC with AB=9cm, BCs6cm and 
mZB = 40. 

b. Draw ADEF with DE = 9cm, EF = 6cm and mZE = 80. 

c . Measure AC and DF. 

d . Which is longer? 

e. Why? 

In 9 and 10, suppose Percy's jaws B A and BC are of the same length, 
8 cm. 

9 . What are the largest and smallest possible lengths for AC, the 
opening of his mouth? 

1 0 . What will be the length of AC when mZABC = 60? 

1 1 . What theorem explains the fact that as a lunchbox is opened, the 
distance between the front of the top and the handle increases? 




R tviaw 1 2 . Prove or produce a counterexample: If one angle of a 

quadrilateral is bisected by a diagonal and the angles not cut by 
the diagonal are congruent, then the quadrilateral is a kite. 

(Lesson 7-7) 

13. Given: QT*RS 
TS«QR 

Prove: a . AQTS = ASRQ 

b. ^//RS (Usson7^6) 
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Q 



T 




R 



S 



In 14 and 15, tell whether the triangles are congruent. If so, what 
triangle congruence theorem justifies the congruence. (Lesson 7-2) 



1 6 . a . Draw a triangle with sides of length 3» 7, and 8 units. 

b . Draw a triangle with sides of length 3, 5, and 7 units. 

c . Measure the angles of these triangles to veriify that two of 
the angles are congruent and two are supplementary. 

(Lesson 7*1) 

In 17 and 18, AGHI has been reflected over line /, and then its image 
has been reflected over line m. 

1 7 . AGHI = S . (Lesson 6*5} 

1 8 . AABC is a (reflection, rotation, translation) image of AGHI. 

(Lesson 6*3) 



14. 




15. 
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1 9 • side of a triangle is double the length of a second side. The 
third side is triple ^e length of the second side. Explain why 

this is impossible. (Lesson ]'9) 

Exploration 2 0 . The S AS Inequality is sometimes called the Hinge Theorem. 
Explain the reasoning behind this nickname. 



